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"The invention relates to the processing of
coal. It is particularly directed to the con-
verting of coal into a”form whereby it is
readily attacked by oxygen thus facilitating

& rapid and high temperature combustion.
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One advantage of the invention is that it

-facilitates and furthers the employment of
a relatively small combustion chamber al-
though the ‘invention is not limited to the
use of the fuel in a relatively small combus-
tion chamber since the fuel is advantageously
employed in' any: present day furnace con-
struction having suitable instrumentalities
for feeding fuel thereto and for bringing
the combustion supporting air to the fuel in
any suitable manner. '
According to one aspect of the invention
finely ‘divided coal is heat pretreated under
conditions to drive off only a small portion
of its hydrocarbon volatile contents—leav-
ing substantially all of the hydrocarbon vola-
tile contents in the pretreated residue—and
under conditions to slightly increase the size
of the coal particles. Thereafter the pre-
treated residues are subjected to low tempera-
ture carbonization under conditions to con-

vert many of the coal particles into relatively

hollow spheroids many of -which have what
appears to be one or more windows—visible
under the microscope.. The product or semi-
coke thus obtained is thereafter crushed—
or further pulverized—so as to break up the
cell-like structures or,spheroids in order. to
materially increase the surface area of the
Thereafter the treated residue is
burned in any suitable manner, preferably
by burning the crushed residue in suspension
in any suitably constructed pulverized burn-
ing fuel furnace, for example, a
nace. ' T ‘
The invention has various aspects as here-
after will be apparent from that which fol-
lows, and.according to the broader aspects
of the invention the pretreating prior to low
temperature carbonizatioh need not be em-
ployed. . o

"~ In-order that the invention as to its fun-

" damentals may be readily understood, a spe-

%)

cific mode of its realization will now be de-
seribed, this in reference to the accompany-

beiler fur-

-

ing drawings which constitute a part of this
specification and in which drawings— -
. Figure 1 diagrammatically illustrates a
plant comprising an arrangement of coal
processing apparatus in association with a
boiler furnace wherein there is burned the
crushed semi-coke or pulverized product
which is produced in accordance with the in-
vention. ' o ,
. Figure 2isareproduction of a micro-photo-
graph of a particle of raw pulverized .coal
under a magnification of approximately 155
diameters and shows the angular nature of
the particles or minute fragment of coal. - In
other words, it will be noted that the coal
fragment is delineated
sharp lines and sharp edges.

Figure 3 is a reproduction of a miicro-
photo-graph showing the appearance of a

minute fragment of coal after heat pretreat- .

ment in a gaseous medium at approximately
650 degrees F. This reproduction of the
micro-photo-graph was made under a- mag-
nification of 155 diameters.
be noted that the edges of the fragment
have become rounded due presumably to
fusion and the fragment is solid and opaque.
The general shape is spheric:). This is il-
lustrative of the appearance of the minute
fragments of coal ‘after a hot gas pretreat-

ment at the approximste temperature just-

specified.

Figure 4 is a reproduction of a micro-
photo-graph illustrative of a relatively hol-
low spheroid having a shell-like structure
with windows in the shell-like structure.

&5

60

65

in many respects by
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Here it will :
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This is a particle of the product after the

low temperature carbonization during which
carbonization the average temperatures ap-
proximated 1000 degrees F. This figure is a
reproduction of a micro-photo-graph taken
under a magnification of 155 diameters.
Figure 5 shows some fragments of semi-
coke and is illustrative of the product ob-
tained as by crushing ¢f the semi-coke prod-

-uct illustrated in Figure 4. The crushed

semi-coke of which the fragments of this
figure are illustrative, is sometimes referred
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to as the crushed semi-coke of the process

or as the pulverized product because it has
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- been subjected to the crushing or pulveriz-
' ing action of a mill subsequent to its pro-

duction by the low temperature carboniza-
tion outlined. . - :
Figures 2 to 5 inclusive illustrate step by
step the processing of the coal in the in-
strumentalities associatingly arranged ac-

- cording to Figure 1 prior to the burning of

.m
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the crushed product (ilhistrated in Figure
5) in ‘the boiler furnace indicated in Kig-
ure 1. There has been incorporated in the
patent file as originally presented in the
United States Patent Office, a set of micro-
photo-graphs duly labeléd and which illus-
trates in refined detail actual structures real-
ized from the performing of the invention
prior to filing an application for patent in
the United States Patent Office. :
Figure 5 is merely illustrative as to the

‘shape and definition of the particles which

may be obtained by the crushing operation.
The parts in Figure 5 have not been taken
from actual specimens or in other words are
not reproductions of miero-photo-graphs of
specimens. The pieces of Figure 5 are in-
tended. to illustrate how these small coke
particles might be broken down by crushing
in order to form gredter air attacking sur-
faces than would be the case if the particles

. from which they were 'made were not

crushed, all of this having in mind the art
of combustion when these broken up par-
ticles-are subjected to-hurning.. The pieces
of Figure 5 are manifestly at a much en-
larged scale.

The invention in this case primarily re--

volves about the deliberate processing of
finely divided coal so as to produce semi-

coke in finely divided form, the deliberate

breaking up of this small coke into much
smaller particles or fragments and the de-

" liberate burning of these small particles so
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as to take advantage of the results of the
series of steps previously defined. .
~ Referring now to the drawings in detail

1 indicates a pulverizing mill wherein the

coal to be processed is initially pulverized
to the desired degree of fineness for example
to a fineness such that approximately 60%
will pass through a 200 mesh screen (a screen
defined by. wires crossing at right angles
to each other so as to form forty thousand
openings per square inch) and so that sub-

. stantially all of the pulverized coal will pass

1]

through a 40 mesh screem.: . . - .
The pulverized coal is pneumatically con-
veyed to-a cyclone separator 2 where it is

collected and from which it is conveyed to a

receiving hopper 3 from which it is fed by a
suitable means 4 into the top of a pretreating
retort 5. Within this pretreating retort the

pulverized coalin cloud-like formation moves .

- downwardly with delayed gravitation into

. 65

and. counter to slowly rising hot pretreating

gases. which ‘are introduced in the lower

1,788,082

regions of the retort as at 6. These pretreat- .

ing gases are preferably, although not neces-
sarily, heated air. When air is thus em-
ployed it constitutes a hot oxidizing medium
by which the oxygen' content of the coal
undergoing pretreatment is slightly in-
creased. The pretreated pulverized coal ulti-

‘mately settles at the bottom of the pretreat-

ing retort and is collected and passed by any
suitable conveying mechanism as 7 into a
receiving hopper 8 from which it is fed by any
suitable means as 9 into the top of a carbon-
izing retort 10. Herein the pretreated pul-
verized coal settles in cloud-like formation
and with retarded gravitation into and coun-
ter to slowly rising hot carbonizing gases
which serve to reduce the coal into semi-coke.

“The pretreating and carbonizing processes,
the various temperatures employed and their

definition, the length of time the coal is treat-
ed in the different steps, and the apparatus,

therefor is described in detail in Patent No.
1,669,028, granted May 8, 1928, to Walter
Runge, one of the applicants herein. On
page 8 of this Patent No. 1,669,028 is dis-
closed an example of the pretreating process,
wherein the hot oxidizing gas, or air, is ad-
mitted to thé retort at a temperature of ap-
proximately 800 degrees F. and leaves the
upper portign of the retort at approximately

500 degrees F., the coal being subjected to the.

action of the hot air for approximately thirty
seconds, during which time all of the mois-
ture and only a small portion of the hydro-
carbon volatile content of the coal is removed.
The fine. coal particles are- also slightly en-
larged in size. It will be understood, of
course, that the above process will be modified
to secure the desired results, depending on the

. character of the coal treated, length of the -

retort, etc. S v

On page 4 of this Patent No. 1,669,023 is
disclosed an example of the method.of car-
bonizing the pretreated coal, wherein it is
stated that the
process are substantially chemically inert
with respect to the coal undergoing carbon-
ization. : : :

-The hot gases for effecting the carboniza-
tion within the carbonizing retort 10 are

supplied at the bottom thereof as at 11 and

the temperatures of these rising hot gases

‘average approximately 1000 degrees F. The
_ settling or gravitating of the coal undergoing

the carbonizing operation is- sufficiently de-

%ases used in the carbonizing
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layed by the upwardly moving hot gases to -

effect the desired degree of carbonization or
in other words, a sufficient length of time to
substantially reduce the hydrocarbon vola-

.tile content of the coal and also a sufficient

length of time to reduce the oxygen content
of the coal below that which the original
coal possessed.” :

128

It will be \mamfest that in the plant for

realizing the invention suitable pipings and
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other instrumentalities should be employed

. &

for withdrawing and disposing of the pre-
treated gases and for collecting, purifying,
storing or otherwise handling of the gases
employed in or given off by the carbonization.

‘As to the effect of the different steps upon
the coal undergoing treatment, this 1s illus-

-trated by Figures 2 to 5 inclusive. All the

coal undergoing treatment is in relatively
finely divided form being in.the form of

‘minute fragments or particles and a typi-

fying illustration of a fragment of raw pul-

- verized coal is seen in Figure 2., Here it will

be noted that the prominent characteristics
are the sharp linesand edges. : .~
When the ‘pulverized coal undergoes the
hot pretreatment to wit under conditions
such that the average temperatures of the

pretreating gases approximate 650 degrees

F. it loses these sharp edges and they are re-
placed by relatively smooth rounded sur-
faces. Where the pretreating gases are hot
oxidizing gases then the pretreated particles

‘of pulverized coal take on, as determined by
chemical analysis, another characteristic in g

that they have been oxidized by the hot pre-
treating air so that for example, pulverized

. coal having an initial oxygen content of 714 %

40

may after the pretreatment, have an oxygen

content of 815%. The coal which has been -

thus pretreated and after having been sub-
jected to the above mentioned low tempera-
ture carbonization, for example at tempera-

tures averaging approximately 1000 degrees.
* F., and according to the process herein de-

scribed becomes further changed as to “its

physical and structural characteristics as is

clearly illustrated in Figure 4. .

_ A study of the product resulting from the

low temperature carbonization shows that it
is semi-coke compound mainly of spheroids,
as shown in Figure 4, most of which are rela-
tively hollow and médny of which have the

" appearance of windows in the surface there-
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of, which windows ‘are not apparent to the

-naked eye but with the aid of transmitted

light are visible under the microscope.
It may not be desirable in all instances to

subject the pulverized coal to a heat pretreat- .

ment prior to the carboniZation. Here again
the product which has been produced accord-
ing to one aspect of the process is a semi-coke
composed in main of spheroids which are
relatively hollow and many of which have
windows. With the. direct low temperature
carbonization however, the particles are, as a
general rule, slightly larger than in the in-
stance where the particles are produced by
the pretreatment which is followed by the low
temperature carbonization. This is best dis-
cernible by-comparative screen analysis of the
raw pulverized coal, the product realized by
the direct carbonization, and the product ‘de-
rivable by the dual process to wit the pre-

treating process which is followed by the low
temperature carbonization. -
According to the process of this applica-
tion one can take coal having a hydrocarbon
volatile content of, for example 84%, and an
oxygen content of - approximately 7% to
10% and readily obtain therefrom the de-
sired resulting semi-coke product. When a

3
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pretreatment is employed (although accord-

ing to the broader aspects of the invention
the pretreating or preheating is not neces-
sarily employed) the steps of a specific aspect
of the invention would include the follow-

75

ing: pulverizing the raw coal to a fineness

such that approximately 55% to 65%-of the
coal will pass through a 200 mesh screen and
so that substantially all of the pulverized coal

80 -

will pass through a 40 mesh screen, thereafter - . :
pretreating the pulverized coal by suspend-

ing the coal in the form of dust clouds in a
current of slowly upwardly moving hot gases,
preferably but not necessarily hot oxidizing
gases, at temperatures averaging approxi-

mately 650 degrees F. or even less, to 700 de- -

ees K., under conditions to dry the coal,
to slightly reduce the hydrocarbon volatile
content, to slightly lessen the density, to
slightly increase .the oxygen content, to
eliminate the sharp edges of the coal frag-
ments, and in general to round off the outer
surface of the coal fragments. This pretreat-
ment is followed by the separating of the
treated particles from the treating gases and

‘the showering of the pretreated coal in the .

form of dust clouds into -and counter to a
current of slowly upwardly moving hot car-
bonizing gases at temperatures averaging ap-
proximately 1000 degrees F., so as to produce

85°
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a semi-coke product with less, slightly less,

oxygen than in the original coal. The semi-
coke thus produced by the direct action of hot
carbonizing gases consists largely-of particles
in the form of relatively hollow spheroids of
high porosity and low density relative to that
of the original coal. Many of the spheroids
have a shell-like defining structure with
‘windows in the surface thereof. The sphe-
roids are of such size that 5% to 20% of the
semi-coke will pass through a 200 mesh
screen and such that practically all will pass
a 10 mesh screen. The semi-coke thus pro-
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duced is in fact a low temperature coke and

may have a hydrocarbon volatile content of
approximately 8% to 129%. - o

A semi-coke produced by the direct car-
bonizing of raw pulverized coal in a eurrent
of slowly rising hot gases in the manner

‘specified will possess substantially the same

general characteristics as the semi-coke just
described but in the instance of the direct
production of the semi-coke without the pre-

treatment the spheroids would in general be -

somewhat larger than would be the case if
the pretreatment were not employed. The
semi-coke resulting from the two stage proc-

120
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ess, that is the brbcess'.emplldying the pre-
treating as well as the carbonizing and the

_same is true of the semi-coké of the single
stage process, particularly if the carbonizing:

treatment is carried out in uniform and prop-
er manner, will contain therein not only the

" spheroids just described but also spheroids

10

15

- 20

which will have a structure resembling spores
of the vegetable matter from which coal
originated. o o ,

~ The semi-coke produced as above described
and which is obtained as from the bottom
of the retort 10 is conveyed as by suitable
means 12 into a pulverizing mill or crusher
13. From this mill the crushed semi-coke or
pulverized product is passed either directly
or indirectly in any suitable manner to a fur-
nace 14 wherein it is burned. The furnace
illustrated is a pulverized fuel burning fur-
nace wherein the coal is burned in suspension

- under conditions such that the oxygen of the
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air can readily combine with the pulverized
product as the combustion progresses.
crushed coke: or pulverized product such as
obtained by the process herein outlined has a
relatively large number of projecting sur-

faces being more or less porous and of the

character to be readily attacked by the
oxygen of the air thus facilitating rapid com-
bustion and in fact relatively high tempera-
ture combustion within a localized zone if

such is desired. This crushed product has a

naturally increased surface area as compared
with the semi-coke before crushing, moreover
the crushing is such as to reduce the semi-
coke inito fragments of a fineness such that
approximately 60% will pass- a 200 mesh
screen. : . .

Applicants believe they are the first to pro-
duce a pulverized or crushed semi-coke prod-
uct herein described and that they are also
the first to appreciate the advantage of pro-
ducing such a product and burning the same
in a furnace. . ) '

Whatisclaimedis: . - o

1. The method of preparing coal for use in
a pulverized fuel burning furnace compris-
ing pulverizing coal, subjecting the pulver-
ized coal to a preliminary heat treatment in
an oxidizing atmosphere under conditions to
drive off only a small percentage of the
hydrocarbon volatile content but under condi-
tions such that the treated coal particles lose

the sharp edges and are by the preliminary .

heat treatment transformed from ‘solids hav-
ing sharp edges to solids having relatively
smooth and rounded outer surfaces and by
said preliminary heat treatment are also
slightly increased in size, thereafter subject-

_ing the treated pulverized coal to carboniza-

tion by suspending it in a gaseous medium
substantially chemically inert with respect to
the coal and in a carbonizing zone wherein
the heat is sufficient to effect a low tempera-

‘ture carbonization and thereby driving ‘off

A
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a substantial portion of the hydrocarbon
volatile content of the coal and under condi-
tions to produce semi-coke comprising in the
main particles in the form of hollow
spheroids, withdrawing the semi-coke and
then crushing it. g

- 2. A method of preparing coal for use in

70

a pulverized fuel burning furnace compris-

ing subjecting pulverized coal to the heat
treating action of hot oxidizing gases at tem-
peratures averaging approximately 650 de-
grees F. so as to round the surfaces of the
coal particles and under conditions to only
slightly reduce its hydrocarbon volatile con-
tent and to slightly lessen its density, sepa-
rating the treated coal from the treating
gases, subjecting the separated treated coal to
carbonization at temperatures averaging ap-
proximately 1000 degrees F. while suspended

'in hot gases substantially -chemically inert

with respect to the coal so as to produce semi-
coke, separating the semi-coke thus produced
from the carbonizing gases'and crushing the
separated semi-coke. - - :

8. A method of preparing coal for use in
a pulverized fuel burning furnace compris-
ing pulverizing the coal, preliminarily sub-
jecting the pulverized coal to the action of hot

oxidizing atmospheres at temperatures aver-

aging approximately 650 degrees F. so as to
slightly increase the oxygen content, and un-
der conditions to slightly reduce its hydro-
carbon volatile content, separating the oxi-

75
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dized coal from the oxidizing atmosphere, -

subjecting the oxidized coal to carbonization
by showering it in the form of a dust cloud
into and exposing it to the action of a slowly
upwardly moving current of hot gases sub-
stantiaily chemically inert with respect to the
coal at temperatures averaging approximate-
ly 1000 degrees F. so as to produce semi-coke
as a residual product with slightly less
oxygen than in the original coal and with a
substantially less hydrocarbon volatile con-
tent than in the original coal, the treatment

1M
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being such as to produce. a semi-coke con- -
sisting largely of particles in the form of -

relatively hollow spheroids with a shell-like
defining structure and of sizes such that prac-
tically all of the spheroids will pass a 10 mesh
screén, separating the semi-coke thus pro-
duced from the treating gases and thereafter
crushing the semi-coke. - C

4. A method of preparing coal for use in
a pulverized fuel burning furnace compris-
ing pulverizing coal, pretreating the pulver-
ized coal by subjecting it to a hot oxidizing

_ atmosphere, but without substantially re-

ducing its hydrocarbon volatile content, sepa-

‘rating the pretreated coal from the oxidiz-

ing atmosphere, thereafter subjecting the pre-
treated coal to low temperature carboniza-
tionsin a hot gaseous medium which is sub-
stantially chemically inert with respect to

_the coal within which the coal is suspended

115
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and by which the coal is directly heated dur-
ing the carbonization so ds to produce a
semi-coke having an oxygen content less than
‘the oxygen content of the original coal and
with a substantially less hydrocarbon volatile
content than that of the original coal, sepa-
rating the semi-coke thus produced from the
carbonizing gases and thereafter crushing
- the semi-coke.” S
10 .- 9. A finely divided coke product obtained
by showering pulverized coal in a dust-like
formation into a vertical retort the average
temperatures of which approximate 650 de-
grees F. by subjecting the coal thus show-
15 ¢red to the pretreating action of a slowly and
upwardly moving current of hot' gases, by
separating the coal thus pretreated, by sub-
jecting it to carbonization by showering it in
a dust-like formation down a vertical carbon-
oo izing retort wherein it is subjected to the
carbonizing action of a slowly and upwardly
moving current of gases which are substan- .
tially chemically inert with respect to the coal
‘ the temperatures of which ﬁases average ap-
o5 Proximately 1000 degrees F., the carboniza-
tion being such as to produce semi-coke con-
sisting 1mostly of substantially hollow sphe-
roids with shell-like defining structures and
the size of which is such that practically all of
30 the semi-coke will pass a 10 mesh screen by
separating. the semi-coke thus produced from
the treating and resulting gases, by collecting
the semi-coke as the solid residual of the proc-
. ess, and by crushing the semi-coke to a fine-
g5 ness such that’'approximately 60% will pass a
200 mesh screen. o
In testimony whereof, we have hereunto
signed our names. - S

. ' WALTER RUNGE.
10 " EDWIN A. PACKARD.
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